A large amount and variety of geographic information has been produced to support the four years' rehabilitation and reconstruction (RR) process following the earthquake and tsunami disasters in December 2004 in Aceh province, Indonesia. After the RR process, the geographic information has been handed over to the Aceh Geospatial Data Center (AGDC), managing information services and supporting decision making for sustainable development in the Aceh province. However, AGDC has no integrated geographic information system (GIS). Therefore, the authors developed a prototype for an integrated GIS. The system is implemented with ESRI products such as ArcIMS Server, ArcGIS Server, ArcSDE Geodatabase connection for PostgreSQL/PostGIS and ArcGIS Desktop. The system consists of various geographic information produced during the RR process and geographic information related to Aceh province, which has been collected by the first author. Metadata and Metadata catalog service are also provided by the system. The target users of the system are AGDC staff, local government decision-makers or end users, and application developers. Examples of analysis using the system indicate the potential to support the planning of sustainable development.
Introduction
The devastating tsunami of December 26th
2004 destroyed or badly impacted every sector in the Aceh province, Indonesia [1] . Another 10 AusAID-GTZ AMAP *7 Asset mapping spatial data However it is difficult to collect such geographic information. The collection and preparation of geographic information are important for use in GIS (geographic information system), because the information is necessary and useful for the future developments of the Aceh province. An integrated GIS is also necessary to manage and use the information. Therefore, the objectives of this study are to collect the information, to prepare it for use in GIS, and to develop a prototype for an integrated GIS for the Aceh province.
We will explain the geographic information and applications in the RR phase in this section.
The problems of existing applications at Aceh
Geospatial Data Center (AGDC) are mentioned in section 2.
We will describe the design, architecture and services of our prototype system in section 3, the system functionality for AGDC staff, decision-makers and end users, and application developers in section 4, analysis in section 5, and discussion including evaluation of the prototype in section 6. Section 7 is the conclusion of this paper.
Geographic information produced during the rehabilitation and reconstruction phase in Aceh province
During the RR phase, many kinds of geographic information were produced in the different RR projects as shown in Table 1 .
Various RR projects used basic geographic information shown in Table 1 in the RR phase.
In order to provide the geographic information, BRR and international agencies established the Spatial Information and
Mapping Centre (SIM-C), which was a special center used in the RR phase only. BRR and the Indonesia National Agency for Survey and Mapping (BAKOSURTANAL) also established the Geospatial Task Force (GTF) to provide geographic information services based on national mapping standards [8] .
SIM-C produced in excess of 9,000 maps and other information [9] and distributed around 2,773 hard copy maps, 706 digital copies of spatial data and 90 aerial images requested by users at BRR. Suwandy et al. [10] in 2009 discovered 30,000 ESRI shapefiles, received from many agencies on the SIM-C's data server.
The first author has participated in the RR process for 2 years, and took part in 
GIS applications implemented or used in rehabilitation and reconstruction phase
Many GIS applications were implemented during the RR phase. 
System architecture
In order to meet the system requirements, we designed an integrated GIS for the three types of users to access geographic information derived from various resources.
The system architecture shown in Fig. 1 consists of the following three layers: Table 2 ).
Published services

Fig. 1 The architecture of our integrated GIS and its users ArcGIS Server provides geographic information through ArcGIS Server Map
Service, which is created from geographic information in the data layer, and is published.
Either MSD (Map Service Definition) file or
ArcMap Document is a source of ArcGIS Server Map Service.
The first author collected the geographic information in Aceh province from the various projects and centers in the RR phase in order to utilize them for our system as shown in We further emphasized using all geospatial data from the "Thematic atlas of Aceh province project [36] " (see item No. 4 of The collected geographic information is stored in ArcSDE geodatabase and geospatial data in data layer as shown in Fig.1 .
How to create and publish services will be described in section 4.1. Service. This task is performed using ArcIMS Administrator.
2.2) Creating and publishing an ArcGIS Server
Map Service. This task is performed using ArcCatalog, ArcMap or ArcGIS Server
Manager.
3) To create a metadata document and publish it onto an ArcIMS Metadata Service.
This task is performed using only ArcCatalog. The implementations of the integrated GIS service supporting the work of AGDC are described in detail below.
Storing and accessing geographic data in ArcSDE Geodatabase
Our system allows AGDC staff to easily store geospatial data into ArcSDE Geodatabase and access and manage it using ArcCatalog. The system also allows users, who use non-ESRI GIS Desktop software such as QGIS and uDig [40] , to directly access, query and visualize the geodatabase from PostgreSQL with PostGIS geometry storage type. 
Providing geographic information services
Creating and publishing metadata documents
In order to allow a user to directly bring 
System facilities for decision makers and end users
The system allows local government decision-makers and end users to find the housing geospatial database in our previous study [50] .
System facilities for application developers
Fig. 4
The Metadata Explorer Catalog tab shows the list of metadata document
Analysis using our system
Our published geographic information (GI) services corresponding to the items in Table 2 can be used in analysis to support Aceh "ASSETNAME LIKE '%UNSYIAH%'" for Syiah Kuala University, whose asset name is UNSYIAH, and the other is "ASSETNAME LIKE '%IAIN%'" for Ar-Raniry State Islamic
Institute, whose asset name is IAIN.
Analysis of reconstructed houses in Banda Aceh
An output of our system that overlays the layers of GI services relative to reconstructed houses is shown in Fig. 6 . The following facts are listed based on Fig. 6 and other relative outputs of our system. 
Analysis of reconstruction in settlement and agricultural areas
The width of the tsunami inundated area is around 7 km from the coast line as shown Following this, our system should be even better at supporting the tasks of AGDC staff, and the keeping of many copies of geospatial data in other local departments in Aceh province will be unnecessary.
Analysis of protected forest areas, plantation and mining concession areas
ESRI Geoportal Server
ESRI released the Geoportal Server version 1.2 in December 2011. ESRI Geoportal Server is a free and open source product used to discover geospatial resources [54] .
"Register a network service feature" [55] supports GIS resources to register to Geoportal. 
Conclusion
The purpose of this study is to develop an integrated GIS solution for three types of user:
AGDC staff, local government decision-maker or ordinary users, and application developers.
Our integrated system has been successfully developed. Examples of analysis using our system indicate the potential to support the planning of sustainable development. AGCD has evaluated that our system is suitable for implementation and that it meets their requirements. Consequently we conclude that the system will be useful for Aceh province, Indonesia.
